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OTDR ARRANGEMENT FOR DETECTING FAULTS IN AN OPTICAL 
TRANSMISSION SYSTEM EMPLOYING TWO PAIRS OF UNIDIRECTIONAL 

OPTICAL FIBERS 

Statement of Related Application 

[0001] This application claims the benefit of priority to U.S. Provisional Patent 
Application 60/442,187, filed January 23, 2003, entitled " OTDR Arrangement For 
Detecting Faults In An Optical Transmission System Employing Two Pairs Of 
Unidirectional Optical Fibers." 

Field of the Invention 

[0002] The present invention relates generally to optical transmission systems, and 
more particularly to an optical time domain reflectometry (OTDR) arrangement that is 
used to detect faults in the optical transmission path of an optical transmission system. 

Background of the Invention 

[0003] A typical long-range optical transmission system includes a pair of 
unidirectional optical fibers that support optical signals traveling in opposite directions. 
An optical signal is attenuated over long distances. Therefore, the optical fibers typically 
include multiple repeaters that are spaced apart from one another. The repeaters include 
optical amplifiers that amplify the incoming, attenuated optical signals. The repeaters also 
include an optical isolator that limits the propagation of the optical signal to a single 
direction. 

[0004] In long-range optical transmission systems it is important to monitor the 
health of the system. For example, monitoring can be used to detect faults or breaks in the 
fiber optic cable such as attenuation in the optical fiber and splice loss, faulty repeaters or 
amplifiers or other problems with the system. Optical time domain reflectometry (OTDR) 
is one technique used to remotely detect faults in optical transmission systems. In OTDR, 
an optical pulse is launched into an optical fiber and backscattered signals returning to the 
launch end are monitored. In the event that there are discontinuities such as faults or 
splices in the fiber, the amount of backscattering generally changes and such change is 
detected in the monitored signals. Since backscatterring and reflection also occurs from 
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elements such as couplers, the monitored OTDR signals are usually compared with a 
reference record, new peaks and other changes in the monitored signal level being 
indicative of changes in the fiber path, normally indicating a fault. The time between 
pulse launch and receipt of a backscattered signal is proportional to the distance along the 
fiber to the source of the backscattering, thus allowing the fault to be located. In a WDM 
system, one wavelength is usually assigned as the OTDR channel. 
[0005] FIG. 1 shows a simplified block diagram of a wavelength division 
multiplexed (WDM) transmission system that employs a conventional OTDR. Each 
terminal 1 10 and 120 includes an OTDR unit 105 and 107, respectively. The transmission 
path consists of unidirectional optical fibers 106 and 107 that support optical signals 
traveling in opposite directions. In operation, OTDR unit 105 generates an optical pulse 
that is launched into optical fiber 106. The optical pulse serves as the OTDR probe signal. 
Because optical isolators 115 located downstream from each optical amplifier 106 
prevent the OTDR probe signal from being reflected and backscattered to the OTDR 105 
on fiber 106, each repeater 1 14 includes a coupler arrangement providing an optical path 
for use by the OTDR. In particular, signals generated by reflection and scattering of the 
probe signal on fiber 106 between adjacent repeaters enter coupler 118 and are coupled 
onto the opposite-going fiber 108 via coupler 122. The OTDR signal then travels along 
with the data on optical fiber 108. OTDR 107 operates in a similar manner to generate 
OTRD signals that are reflected and scattered on fiber 108 so that they are returned to 
OTDR 107 along optical fiber 106. 

[0006] Clearly, in the OTDR arrangement shown in FIG. 1 , an OTDR unit is 
required for each of the two unidirectional optical paths. As additional unidirectional 
optical paths are added between the terminals of a WDM transmission system, yet even 
more OTDR units will be required. 

Summary of the Invention 

[0007] In accordance with the present invention, a method and apparatus is provided 
for using optical time-domain reflectometry (OTDR) with a WDM transmission system 
that includes a plurality of terminals interconnected by at least two pairs of unidirectional 
optical transmission paths each of which has at least one repeater therein. The method 
begins by transmitting an optical probe signal from a first OTDR unit associated with a 
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first terminal into the repeater over a first optical path in a first of the at least two pairs of 
unidirectional optical transmission paths. The first OTDR unit receives a first returned 
OTDR signal over a second optical path in the first optical path pair. The first OTDR 
signal contains status information concerning the first optical path in the first optical path 
pair. The optical probe signal from the first optical path in the first optical path pair is 
coupled to a second optical path in the second optical path pair. The first optical path in 
the first optical path pair supports optical signals traveling in a direction opposite to 
optical signals supported by the second optical path in the second optical path pair. A 
second returned OTDR signal is received over a first optical path in the second optical 
path pair in which status information concerning the second optical path in the second 
optical path pair is embodied. The second returned OTDR signal traverses a repeater 
located in the second optical path pair. The second returned OTDR signal is coupled from 
the first optical path in the second optical path pair to the second optical path in the first 
optical path pair so that the second OTDR signal is returned to the first OTDR unit. The 
first optical path in the second optical path pair supports optical signals traveling in a 
direction opposite to optical signals supported by the second optical path in the first 
optical path pair. 

[0008] In accordance with one aspect of the invention, a second optical probe signal 
is transmitted from a second OTDR unit associated with the first terminal into the 
repeater over the first optical path in the second optical path pair. The second OTDR unit 
receives a third returned OTDR signal over the second optical path in the second optical 
path pair. The third OTDR signal contains status information concerning the first optical 
path in the second optical path pair. The second optical probe signal is coupled from the 
first optical path in the second optical path pair to the second optical path in the first 
optical path pair. A fourth returned OTDR signal is received over the first optical path in 
the first optical path pair in which status information concerning the second optical path 
in the first optical path pair is embodied. The fourth returned OTDR signal is coupled 
from the first optical path in the first optical path pair to the second optical path in the 
second optical path pair so that the fourth OTDR signal is returned to the second OTDR 
unit. 

[0009] In accordance with another aspect of the invention, the repeater includes a 
rare-earth doped optical amplifier through which the optical probe signal is transmitted. 
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[0010] In accordance with another aspect of the invention, the first returned OTDR 
signal is received at an output of the rare-earth doped optical amplifier. 

Brief Description of the Drawings 

[0011] FIG. 1 shows a simplified block diagram of a wavelength division 
multiplexed (WDM) transmission system that employs a conventional OTDR. 
[0012] FIG. 2 shows a simplified block diagram of an exemplary WDM transmission 
system in accordance with the present invention. 

[0013] FIG. 3 is a block diagram showing one example of a conventional OTDR 
unit. 

Detailed Description of the Invention 

[0014] An OTDR arrangement is provided for a wavelength division multiplexed 
(WDM) transmission system that employs two pairs of unidirectional optical fibers. If the 
OTDR arrangement shown in FIG. 1 were to be employed, four OTDR units would be 
required, one for each unidirectional optical path. In contrast, the present inventors have 
recognized that OTDR monitoring of all four optical fibers can be achieved with only two 
OTDR units, both of which may be located in the same terminal. 
[0015] FIG. 2 shows a simplified block diagram of an exemplary WDM transmission 
system in accordance with the present invention. In one embodiment of the invention the 
WDM transmission system is an undersea transmission system in which terminals 200 
and 202 are located on shore and repeaters 222 are located undersea. The transmission 
system serves to transmit a plurality of optical channels over two pairs of unidirectional 
optical fibers 206 and 208 between terminals 200 and 202, which are remotely located 
with respect to one another. Optical fiber pair 206 consists of individual optical fibers 
206) and 206 2 , which support traffic traveling in opposite directions. Likewise, optical 
fiber pair 208 consists of individual optical fibers 208 1 and 208 2 , which support traffic 
traveling in opposite directions. Terminals 200 and 202 each include transmitting and 
receiving unit (not shown). The transmitting unit generally includes a series of encoders 
and digital transmitters connected to a wavelength division multiplexer. For each WDM 
channel, an encoder is connected to an optical source, which, in turn, is connected to the 
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wavelength division multiplexer. Likewise, the receiving unit includes a series of 
decoders, digital receivers and a wavelength division demultiplexer. 
[0016] Optical amplifiers 2 10 are located along each fiber of fiber pairs 206 and 208 
to amplify the optical signals as they travel along the transmission path. The optical 
amplifiers may be rare-earth doped optical amplifiers such as erbium doped fiber 
amplifiers that use erbium as the gain medium. As indicated in FIG. 2, a pair of rare-earth 
doped optical amplifiers 210 supporting opposite-traveling signals along one of the fiber 
pairs 206 and 208 is often housed in a single unit known as a repeater 222. While only six 
repeaters 222 are depicted in FIG. 3 for clarity of discussion, it should be understood by 
those skilled in the art that the present invention finds application in transmission paths of 
all lengths having many additional (or fewer) sets of such repeaters. Optical isolators (not 
shown in FIG. 2) are located downstream from the optical amplifiers 210 to eliminate 
backwards propagating light and to eliminate multiple path interference. 
[0017] Because the optical isolators located downstream from each optical amplifier 
210 prevent the OTDR probe signal from being reflected and backscattered to the OTDR 
unit on the fiber on which it is transmitted, each repeater 222 includes a loopback path 
226 providing an optical path for use by the OTDR. The loopback paths 226 serve to 
couple the signals generated by reflection and scattering of the OTDR probe signal on 
outgoing fiber to the opposite-going fiber in the same fiber pair. That is, the loopback 
paths 226 located between fibers 206 1 and 206 2 in fiber pair 206 couple the reflected and 
backscattered OTDR signal from fiber 206i to fiber 206 2 so that it can be returned to 
OTDR unit 220 for analysis. Likewise, the loopback paths 226 located between fibers 
208 1 and 208 2 in fiber pair 208 couple the reflected and backscattered OTDR signal from 
fiber 208 1 to fiber 208 2 in fiber pair 208 so that it can be returned to OTDR unit 230 for 
analysis. 

[0018] The present inventors have recognized that only two OTDR units are required 
to monitor the four optical fibers employed in the transmission system of FIG. 2. As 
shown, this is accomplished by providing, in addition to loopback paths 226, trans fiber 
pair paths 240 and 250. Trans fiber pair 240 provides an optical path from fiber 206j in 
fiber pair 206 to fiber 208 2 in fiber pair 208. Likewise, trans fiber pair 250 provides an 
optical path from fiber 208 1 in fiber pair 208 to fiber 206 2 in fiber pair 206. 
[0019] In operation, an OTDR probe signal is generated by OTDR unit 220 and 
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transmitted along fiber 206 1. Backscattered and reflected OTDR signals are returned to 
OTDR unit 220 along fiber 206 2 via loopback paths 226. After traversing the final 
repeater 222 located along fiber pair 206 the OTDR probe signal traverses trans fiber pair 
path 240 and continues along fiber 208 2 in fiber pair 208. As the OTCR probe signal 
continues along fiber 208 2 , the backscattered and reflected OTDR signals traverse 
loopback paths 226 so that they travel in the opposite-going direction along fiber 208 1. 
The backscattered and reflected OTDR signals then traverse trans fiber pair path 250 so 
that they can be returned to OTDR unit 220 along fiber 206 2 of fiber pair 206. 
Accordingly, an OTDR probe signal generated by OTDR unit 220 can be used to monitor 
the status of fiber 206i in fiber pair 206 and fiber 208 2 in fiber pair 208. 
[0020] Similarly, an OTDR probe signal generated by OTDR unit 230 is transmitted 
along fiber 208 1. Backscattered and reflected OTDR signals are returned to OTDR unit 
230 along fiber 208 2 via loopback paths 226. After traversing the final repeater 222 
located along fiber pair 208 the OTDR probe signal traverses trans fiber pair path 250 and 
continues along fiber 206 2 in fiber pair 206. As the OTDR probe signal continues along 
fiber 206 2) the backscattered and reflected OTDR signals traverse loopback paths 226 so 
that they travel in the opposite-going direction along fiber 206 1. The backscattered and 
reflected OTDR signals then traverse trans fiber pair path 240 so that they can be returned 
to OTDR unit 230 along fiber 208 2 of fiber pair 208. Accordingly, an OTDR probe signal 
generated by OTDR unit 230 can be used to monitor the status of fiber 208 1 in fiber pair 
208 and fiber 206 2 in fiber pair 206. 

[0021] FIG. 3 is a block diagram showing one example of a conventional OTDR unit 
that may serve as OTDR units 220 and 230. The OTDR unit includes a timing generator 

21 1, a light source 212, an optical coupler 213, a detector 214, an amplifier 215, an A/D 
converter 216, an adder 217 and controller 218. An optical pulse emitted by light source 

212, which is driven by a signal from the timing generator 21 1, is launched into the 
transmission fiber 206 through the optical coupler 213. The reflected and backscattered 
OTDR signal is received by the detector 214 through the optical coupler 213, amplified 
with a predetermined amplification factor by the amplifier 215 and introduced to the A/D 
converter 216. The A/D converter 216 samples the output of the amplifier 215 in a 
predetermined sampling cycle, and each of the sampled data is supplied to the adder 217. 
The adder 217 adds together the sampled data for a predetermined time and averages the 
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data that is supplied to the controller 218. The controller 218 analyses the averaged data 
to monitor the transmission path for faults. Of course, those of ordinary skill in the art 
will recognize that the present invention encompasses many different OTDR units and 
that the particular configuration depicted in FIG. 3 is presented for illustrative purposes 
only. 
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